Findings that shed new light on the possible pathogenesis of a disease or an adverse effect
Summary
Dystrophic calcifications of the aortic valve may cause symptomatic aortic stenosis and account for a significant portion of patients who undergo elective valve replacement. Calcifications appearing grossly as a cloudy fluid surrounding the aortic valve leaflets are an uncommon finding. Normally, calcified aortic valves are characterised by large, nodular masses within the aortic cusps. We report a case of dystrophic calcifications on a stenotic aortic valve encountered intraoperatively, which was suggestive of infective endocarditis and abscess formation. Aortic valve leaflets and necrotic-appearing thymic lymph node tissue were submitted for histology and special stains. Cultures were negative and histology did not show evidence of infection. Tissue histology demonstrated extensive dystrophic calcifications, which were polarised to reveal abundant calcium oxalate crystals. The benign nature of this unique pathological finding ruled out any suspicion of infection, avoiding a prolonged course of intravenous antibiotics in this patient.
Background
Calcification of tissues in the body occurs due to precipitation of insoluble salts of calcium carbonate or calcium phosphate. When calcium deposits occur within soft tissues, they are categorised into three different types: (1) dystrophic, (2) metastatic or (3) calcinosis. 1 2 Dystrophic calcifications occur in patients with normal serum calcium and phosphorus levels, and most commonly occur in injured or compromised tissues. This can be influenced by multiple physiological factors such as serum calcium, phosphorus and alkaline phosphatase, pH of the tissue, vitamin D, hormonal balance, blood supply, and injury of soft tissues. 3 Damaged or necrotic tissues have a decreased metabolic rate, leading to lower levels of carbon dioxide. The lower levels of carbon dioxide in the tissue increase the pH, permitting calcium and phosphorus salts to precipitate out of solution. Common manifestations that result in or contain dystrophic calcifications include tumours, arterial calcifications such as atherosclerosis, trauma and crystal deposition disorders such as gout. 1 4 Metastatic calcifications occur in patients with abnormal calcium phosphate metabolism, specifically when the calcium phosphorus level is greater than 70 mg/ dL. Diseases in which metastatic calcifications are observed include hyperparathyroidism, neoplasms, milk-alkali syndrome and hypervitaminosis D. Although some place calcinosis in the dystrophic calcification category, examples of calcinosis include calcinosis universalis, calcinosis circumscripta, scleroderma, dermatomyositis and systemic lupus erythematosus. 1 Calcific aortic valvular disease is the main indication for surgical valve replacement in the western world. Diabetes mellitus, hypertension, hypercholesterolaemia, smoking and male gender have been identified as the risk factors for both calcific valve disease and atherosclerosis. 5 The pathophysiology of aortic calcification is similar to that of atherosclerosis and involves oxidative stress, inflammation and endothelial dysfunction. 6 Haemodynamic stress, genetic dysregulation and oxidative stress lead to an active inflammatory process, which can result in severe calcific aortic stenosis. Chronic inflammation seems to be a central factor in aberrant soft tissue calcification in general. Sites of chronic inflammation in the vasculature have been shown to become sites of atherosclerotic calcification, which supports that the atherosclerotic calcification in humans is a similar physiological process as that which occurs in soft tissues.
Hypercholesterolaemia is a known risk factor for the development of soft tissue calcifications. Animal studies have shown that lipids play an important role in pathogenesis through the activation of molecular cell signals, such as Wnt/Lrp5, receptor activator of nuclear factor-kappa B (RANK)/RANKL and osteoprotegerin, which induce the transition of valvular myofibroblasts towards an osteogenic phenotype, resulting in calcium and even bone deposition. However, this theory is still controversial since lipid-lowering agents in controlled trials have failed to demonstrate slower progression of aortic stenosis. 7 8 Underlying degenerative valvular disease, including calcific aortic stenosis, is an important risk factor for infective endocarditis. 9 Streptococcus spp and Staphylococcus spp are the predominant organisms, accounting for 80% of cases. 10 A high index of suspicion and diagnostic approach via the Duke criteria are required to ensure timely diagnosis. 11 12 Once infective endocarditis is suspected, it is prudent to start antibiotics immediately, as it may be fatal if not aggressively treated. Findings that shed new light on the possible pathogenesis of a disease or an adverse effect streptococcal infective endocarditis to 6 weeks for enterococcal infections. 10 We report a case in a 71-year-old man who was undergoing an elective aortic valve replacement (AVR) for aortic stenosis and had abundant dystrophic calcifications that grossly appeared similar to abscess formation surrounding his native aortic valve as well as in the adjacent mediastinal soft tissue. Polarisation of the smears obtained from the valve and necrotic-appearing tissue facilitated diagnosis. Proper diagnosis of prominent dystrophic calcifications in this case spared our patient a longer hospital stay, intravenous antibiotics, and other unnecessary medical interventions as well as their associated complications.
caSe preSenTaTion
A 71-year-old man with a medical history significant for hypertension, hyperlipidaemia, and aortic stenosis presented with worsening symptom of dyspnoea on exertion over the past 2 years. He was afebrile and normotensive, with normal serum ionised calcium level. Physical examination revealed a grade 3 out of 6 systolic murmur over the right sternal border. He did not have any thrills or heaves, nor any jugular venous distension. Transthoracic echocardiogram (TTE) was performed and significant for normal left ventricular wall, enlarged left atrium (31 mL/ m 2 ), and calcified aortic valve leaflets with aortic valve area of 0.94 cm 2 and mean aortic valve gradient measuring 40.1 mm Hg. Laboratory includes white blood cell of 6.8×10
3 /μL and electrolytes within normal limits. Per the American Heart Association/ American College of Cardiology guidelines, the patient was a candidate for AVR, as he was symptomatic and had diagnostic TTE findings. 13 Our patient was admitted for elective AVR by cardiothoracic surgery. A routine transesophageal echocardiography (TEE) was performed intraoperatively, which incidentally revealed an abscess in the area of the non-coronary cusp of the aortic valve. The surgeon found a small cavitary lesion with a white, milky substance after the decalcification of the aortic valve annulus, which resembled a small aortic annulus abscess. The cavity was debrided and closed with a pericardial patch. Cultures were sent to microbiology. In addition, a large (6.0×5.0×1.0 cm) necrotic 'mediastinal lymph node' was sent to microbiology and surgical pathology for culturing and microscopic evaluation, respectively. A 21 mm St Jude Trifecta tissue prosthesis was implanted. Due to the presence of the potential perivalvular and aortic root abscess noted during the operation, he was started on cefazolin and doxycycline, and a peripherally inserted central catheter (PICC) was placed a couple of days after the surgery in anticipation of prolonged antibiotic therapy, as recommended by the infectious disease consult team.
The aortic valve tissue submitted to surgical pathology showed abundant dystrophic calcifications in a background of myxoid degeneration, without any evidence of infection, such as neutrophils or other acute inflammation. The submitted lymph node tissue was actually atrophic thymus gland that contained areas of necrosis with abundant calcium phosphate and calcium oxalate crystals. The calcium crystals were enhanced by polarisation of the H&E slides (figure 1). Smears made from the cloudy fluid/stenotic aortic valve by the microbiology laboratory also showed aggregates of calcium crystals (figure 1) without any evidence of inflammation, including neutrophils. The valve tissue and 'lymph node' were sent for aerobic, anaerobic, fungal and acid-fast cultures, which were all negative. Thus, the PICC line was removed and antibiotics were discontinued on postoperative day 6 and the patient was discharged on the following day.
ouTcome and Follow-up
Our patient had an uncomplicated postoperative course. He was followed up closely with cardiothoracic surgery and infectious disease teams for which he continued to show a rapid recovery without any signs or symptoms of IE. A repeat TTE at 3-month Figure 1 Tissue samples from our patient contained abundant dystrophic calcifications. The cloudy fluid obtained from the aortic valve was sent to microbiology. Panel A shows a representative example of the abundant calcium phosphate crystals that were observed in the smear made from this specimen. Panel B is a representative image from the atrophic thymus tissue, which showed focal areas of coagulative and fat necrosis, and did not contain any acute inflammation or other evidence of infection. Frequent calcium phosphate crystals were observed, and when the necrotic areas were polarised abundant calcium oxalate crystals were also present. The native aortic valve connective tissue did not show any evidence of infection, however also contained abundant calcifications (data not shown).
learning points
► Abundant dystrophic calcifications can mimic an infectious process, at the region of the aortic valve at the time of valvular replacement and within adjacent mediastinal soft tissues, including lymph nodes or atrophic thymus gland. ► Awareness of this possibility can ensure adequate specimen processing, polarisation of the tissue sections and diagnosis of dystrophic calcifications rather than infection. ► A correct diagnosis can save patients from unnecessary medical interventions, unnecessary treatment with antibiotics and prolonged hospital stays.
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follow-up demonstrated a well-functioning prosthetic aortic valve without vegetations.
diScuSSion
Dystrophic calcifications can be a result of spontaneous precipitation of calcium phosphate crystals. 6 Extraosseous biomineralisation may be driven by upregulation of activating factors and by downregulation of such inhibiting factors.
2 This is usually held in balance at baseline. A consecutive series of 912 surgically excised aortic valves were evaluated by means of macroscopic and histological study; dystrophic calcifications were the cause in 23% of the cases.
14 Calcium deposition on soft tissue passively builds over time, with hyperlipidaemia and atherosclerosis as risk factors to increased aggregation. 5 15 Our patient's advanced age and history of dyslipidemia predisposed him for development of dystrophic calcifications at his aortic valve. Normally, even in advanced stages of valve mineralisation and microcalcification, calcified aortic valves are nodular in appearance, not like the white cloudy, milky appearance observed in our patient. 15 The presence of dystrophic calcifications in the patient's damaged native aortic valve most likely propagated increased deposition of calcium within the region of the valve annulus, resulting in an exudative appearance that was mistaken for an infection. The degenerating thymus gland also is known to have a lower metabolic rate, leading to lower levels of carbon dioxide and a more alkaline environment, allowing calcium and phosphorus salts to precipitate out of solution and result in the abundant dystrophic calcifications observed microscopically in the patient. Trauma or previous cardiothoracic surgery was also considered as a possible cause of the soft tissue necrosis and calcium deposition; however, he denied any history of previous operations or causes of chest injury. Furthermore, caseous annular calcification was on the differential; however, microscopically, the patient's tissue lacked eosinophilic material with surrounding macrophages and lymphocytes, typically seen with caseous calcification. 16 As the normal aortic valve undergoes calcification and becomes more stenotic, increased turbulence leads to elevated risk by a factor of 10 for infective endocarditis. 17 Prior to surgery, there was no reason to suspect infective endocarditis in the patient, as he did not have fever or evidence of abscess or vegetation on the preoperative TTE. However, after surgery, he did satisfy one major criterion, a suspected abscess was incidentally visualised on a routine intraoperative TEE, and one minor criterion was satisfied by our patient having a predisposed valvular heart condition, according to the Duke criteria for diagnosing IE. Although he did not meet all of the criteria for a definite diagnosis of infective endocarditis, clinical suspicion remained high. In addition, grossly, the aortic valve appeared to have exudates, unlike the nodules typically seen with valvular calcifications. Thus, it was appropriate to empirically treat our patient with antibiotics while we were awaiting the results of microbiological cultures and microscopic evaluation by surgical pathology.
In conclusion, it is critical for clinicians, surgeons and pathologists to be aware that abundant dystrophic calcifications can appear similar to infectious exudates and abscess formation in both aortic valves and adjacent mediastinal soft tissue. If the proper procedures are followed and tissues are appropriately sent to microbiology and surgical pathology, the correct diagnosis can be made, which will save undue stress to the patient and clinical teams, prevent unnecessary medical intervention, inappropriate use of antibiotics and development of potential resistance, and prolonged hospitalisation. We also patient's perspective 'My best description of my experience with this surgery is that it was a 'roller coaster' ride. I went into the surgery with concern for the initial and long term effect that it might have on my quality of life after surgery since I have always been very active. I had known for several years that the surgery was inevitable and the only way to resolve my problem. I was mentally prepared for the procedure and was extremely relieved when I woke up in ICU and feeling fairly comfortable. After surgery my surgeon and all of the medical staff told me that everything went very well and that the surgery was a success. ' 'I was feeling really good until a day later when five physicians marched into my room and informed me that, based on visual observations during surgery, they suspected that the aortic valve that was removed might have been infected and that there might also be other infected tissue remaining in my heart. They informed me that they would run exhaustive tests to confirm or deny their suspicions, but that they were recommending that I undergo long-term antibiotic therapy. The news that I might have an infection in my heart and would have to undergo this somewhat invasive therapy was the most devastating news regarding my current and future health that anyone could have given me. The antibiotic therapy began that day and a port was installed in my right arm the next day. Two of the original five physicians continued to visit me at least once a day and give me updates on the results of tests that were being run. They were obviously very interested in my case and encouraged me to stay positive. They were the best 'medicine' that I could have been given at the time. ' 'On the seventh day of my stay, I was informed by the original five physicians that all of the tests that had been run on all of the tissues collected from my surgery had not identified a single infected cell. I do not recall ever having been so relieved or excited about my future. The antibiotic therapy was stopped, I was discharged the next day, and the port was removed by one of the two physicians that continued to give me daily updates, in her office a day later. I went through an extensive Cardiac Rehab Program after discharge where I underwent strength and endurance training. It was very beneficial and I have incorporated these exercises into my weekly training program. I continue to feel great, my wife and I went snow skiing this year, and I hope that this report is helpful to other patients that encounter a similar experience such as mine.' Findings that shed new light on the possible pathogenesis of a disease or an adverse effect recommend that pathologists polarise smears and submitted tissue, particularly if a lesion is designated as an abscess or appears necrotic, but no evidence of acute inflammation is observed microscopically.
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